the supernumerary tooth. In this series this procedure was followed wherever possible, i.e. in 7 cases out of 18, and of these 6 teeth subsequently fell into Group A. In the remaining 11 cases the wound was closed and 7 of these teeth fell into group B. Early exposure, therefore, appeared to favour prognosis for eruption in addition to avoiding the need for the child to undergo further minor oral surgery.
Discussion
If a smooth diminution in eruption rate can be accepted as the normal pattern of clinical eruptive tooth movement, the two curves of the first photographic subject represent normal eruptive curves. Such a curve can be interpreted in terms of an exponential equation. The essential characteristic of such an equation is that it represents a multiplicative process. Many simple growth processes in which soft tissue cells proliferate have been analysed in terms ofexponential equations forming 'sigmoid' growth curves (Thompson 1942) . Our interest would lie in the terminal portion of such a curve.
If a similar proliferation of soft tissue cells were responsible for the eruptive tooth movement, the site of the proliferation would have to be such that the enlarging tissues could be accommodated as a result of the movement. Such an area is the apical region of the soft tissues of the dental pulp. Ness & Smale (1959) have analysed the distributions of mitotic cells in the pulps of erupting teeth and state: 'Of all pulpal mitoses, 65% were found in the basal millimetre; . .' There is, however, a final link needed in this hypothesis in which a three-dimensional increase in size of soft tissues is being translated into a movement of one dimension. The orifice through which the increase in size of soft tissues is being expelled should remain the same size if the characteristics are to be retained in the linear movement. Whilst it is true to say that the walls of the pulps of erupting teeth appear radiographically to be parallel or nearly so, further quantitative data on this subject are needed. If the apical orifice does remain the same size these findings support the theories of Sicher (1942) and Orban (1954) who attribute eruptive tooth movement to proliferation of soft tissue cells in the dental pulp. Whether this explanation be true or not, the teeth in this small series emerged at a rate of about 1 mm per month and in the absence of adverse environmental factors this movement was apparently maintained at a gradually reducing rate until the teeth took up their place in the occlusal plane.
A Study of Bone Changes Associated with Tooth Eruption by J D Manson BChD FDS RCS (Royal Dental Hospital ofLondon School ofDental Surgery, London)
The growth of the jaws and tooth eruption are closely interrelated processes. Studies of tooth eruption which neglect the changes taking place in the surrounding bone must present a partial and perhaps misleading picture.
In the past, eruption studies have been complicated by two factors: (1) The absence in the growingjaws of fixed points of reference. (2) The limitations imposed by working with decalcified materials. In recent years methods of examining undecalcified bone and tooth have been devised. In the present preliminary investigation two techniques, microradiography and tetracycline labelling, have been used to study the bone changes associated with tooth eruption in the kitten mandible.
Method
Five kittens from the same litter received intraperitoneal injections of oxytetracycline, 33 mg/kg (Harris 1960) , at intervals as shown in Table 1 . Each animal was sacrificed 48 hours after the last injection. The mandible was immediately dissected out, fixed in formol-saline, dehydrated and embedded in methyl methacrylate. Serial buccolingual sections were cut at 75-100 t, microradiographs were made and the sections were then mounted in a non-fluorescent medium and examined under ultraviolet light (Milch et al. 1958 ). The sections examined in this study were taken from the developing first permanent molar region.
Findings
Kitten 1 (4 weeks): The microradiograph (Fig 1) showed the mandible as a horse-shoe shape of woven bone with some primary lamellar bone formation at the alveolar margin.
In the labelled section ( Fig 2) the lines of tetracycline labelling indicated considerable bone deposition at the lower border and on both facial and lingual external surfaces; on the lingual side filling-in of a previous concavity had taken place. On the internal walls of the crypt deposition on both sides near the alveolar margins and considerable resorption of the crypt wall about the dental papilla had taken place. The inferior dental canal was present as a space separated from the crypt by a thin trabeculum of bone. The canal appeared to show resorption on all surfaces. Kitten 2 (6 weeks): Lamellar bone had replaced woven bone in most places and primary haversian systems were appearing. In some sections the crypt wall, composed of woven bone, appeared to be separate from the main wall of the mandible.
The tetracycline labelling indicated further deposition of bone at the lower border and on both facial and lingual external surfaces. On all the crypt wall surfaces resorption was taking place, particularly at its base. While some deposition had taken place on the roof of the inferior dental canal, i.e. the slender bar of bone separating it from the crypt, resorption was taking place all round the base of the canal.
Kitten 3 (10 weeks): The mandible was composed of well organized lamellar bone.
There had been considerable deposition at the lower border, slightly more at the facial side. On both lingual and facial surfaces deposition had taken place, with definitely more deposition on the facial side, and on this side there appeared to have been a marked concavity which had filled in (Fig 3) . Some deposition had taken place close to the alveolar margins, but in fact over the tip of the tooth resorption was taking place on both internal and external marginal surfaces. Activity in the crypt indicated remodelling conforming to the upward and facial movement of the tooth. Crown formation was completed, and there was considerable resorption of the crypt wall about the dental papilla, slightly more on the facial than on the lingual side. At the side of the tooth considerable resorption had taken place on the facial side of the crypt. Resorption was taking place at the base of the inferior dental canal and there was very little bone between canal and crypt. Kitten 4 (17 weeks): The tip of the crown was almost at the level of the alveolar margin and root formation was well advanced.
Deposition had taken place at the lower border and on both external surfaces of the mandible, more on the facial than on the lingual side. On the lingual side there were vascular canals which showed remodelling conforming to a lingual movement of these canals. In the crypt resorption was taking place to accommodate the bulge of the crown with some filling-in of the region below the bulge. A thin strip of bone separated the crypt from the inferior dental canal. On the crypt side, i.e. at the fundus, definite resorption was taking place. Resorption was taking place all round the canal wall, except for a small amount of deposition on the lingual side indicating a slight facial movement of the canal.
Kitten 5 (21 weeks): The crown was almost clear of the alveolar margin and root formation was almost complete.
There was still a great deal of deposition at the lower border (Fig 4) . Deposition had taken place on both external surfaces, considerably more on the facial than the lingual side, and there had been some deposition at the alveolar margins. Massive formation of woven bone had taken place to form a definite socket wall and the bone between the crypt and the inferior dental canal was becoming thicker. For the first time definite addition of bone appeared to have taken place at the bottom of the socket. There was continuing resorption at the base of the inferior dental canal, but this appeared to be slowing up.
Conclusions
During growth of the mandible and eruption of the first permanent molar a very complicated process of remodelling takes place. Certain changes can be defined.
(1) There is an overall increase in size with a considerable amount of growth at the lower border. This seems contrary to Brash's findings (1926, 1934) in pigs 13-28 weeks old, and it is possible that the changes seen in these kitten mandibles had already taken place in the pig mandibles. In other work a kitten of 9 months was labelled with tetracycline and in this animal growth at the alveolar margins definitely exceeded that at the lower border. On the other hand, growth of the cat and pig mandibles may be dissimilar.
(2) In the region studied, continuous deposition takes place on both facial and lingual surfaces, more on the facial than on the lingual side. Growth at the alveolar margins takes place as part of the general external growth and not as a separate upward growth process.
(3) Continuous remodelling of the crypt takes place, to accommodate first the growing, then the erupting tooth. This remodelling indicates facial movement of tooth and crypt. (4) There is considerable, continuous resorption of the crypt about the dental papilla. Deposition does not take place at the fundus until very late in the process of eruption. (5) Remodelling of the bone about the inferior dental canal indicates continual movement of the 518 Proceedings of the Royal Society-of Medicine 18 canal, down and slightly to the facial side, so that its relationship with the lower border of the mandible is maintained.
It is not possible from this limited study to come to any conclusion about the driving force behind eruption. But it is possible to conclude that, at least in the stages investigated, deposition of bone within the crypt appears to play very little part.
